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being positioned near the inner lead. The three lead structure 
alloWs sense current to be supplied to the sensor such that 
electrons travel ?rst through the free layer of each sensor 
element and then through the pinned layer structure. 
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DIFFERENTIAL CURRENT 
PERPENDICULAR TO PLANE GIANT 

MAGNETORESISTIVE SENSOR STRUCTURE 
HAVING IMPROVED ROBUSTNESS AGAINST 

SPIN TORQUE NOISE 

FIELD OF THE INVENTION 

The present invention relates to differential magnetoresis 
tive sensors and more particularly to a differential giant mag 
netoresistive sensor that avoids spin torque noise and has a 
small gap. 

BACKGROUND OF THE INVENTION 

The heart of a computer is an assembly that is referred to as 
a magnetic disk drive. The magnetic disk drive includes a 
rotating magnetic disk, Write and read heads that are sus 
pended by a suspension arm adjacent to a surface of the 
rotating magnetic disk and an actuator that sWings the sus 
pension arm to place the read and Write heads over selected 
circular tracks on the rotating disk. The read and Write heads 
are directly located on a slider that has an air bearing surface 
(ABS). The suspension arm biases the slider into contact With 
the surface of the disk When the disk is not rotating but, When 
the disk rotates, air is sWirled by the rotating disk. When the 
slider rides on the air bearing, the Write and read heads are 
employed for Writing magnetic impressions to and reading 
magnetic impressions from the rotating disk. The read and 
Write heads are connected to processing circuitry that oper 
ates according to a computer program to implement the Writ 
ing and reading functions. 

The Write head includes a coil layer embedded in ?rst, 
second and third insulation layers (insulation stack), the insu 
lation stack being sandWiched betWeen ?rst and second pole 
piece layers. A gap is formed betWeen the ?rst and second 
pole piece layers by a gap layer at an air bearing surface 
(ABS) of the Write head and the pole piece layers are con 
nected at a back gap. Current conducted to the coil layer 
induces a magnetic ?ux in the pole pieces Which causes a 
magnetic ?eld to fringe out at a Write gap at the ABS for the 
purpose of Writing the aforementioned magnetic impressions 
in tracks on the moving media, such as in circular tracks on 
the aforementioned rotating disk. 

In recent read head designs a spin valve sensor, also 
referred to as a giant magnetoresistive (GMR) sensor, has 
been employed for sensing magnetic ?elds from the rotating 
magnetic disk. The sensor includes a nonmagnetic conduc 
tive layer, hereinafter referred to as a spacer layer, sand 
Wiched betWeen ?rst and second ferromagnetic layers, here 
inafter referred to as a pinned layer and a free layer. First and 
second leads are connected to the spin valve sensor for con 
ducting a sense current therethrough. The magnetiZation of 
the pinned layer is pinned perpendicular to the air bearing 
surface (ABS) and the magnetic moment of the free layer is 
located parallel to the ABS, but free to rotate in response to 
external magnetic ?elds. The magnetiZation of the pinned 
layer is typically pinned by exchange coupling With an anti 
ferromagnetic layer. 

The thickness of the spacer layer is chosen to be less than 
the mean free path of conduction electrons through the sensor. 
With this arrangement, a portion of the conduction electrons 
is scattered by the interfaces of the spacer layer With each of 
the pinned and free layers. When the magnetiZations of the 
pinned and free layers are parallel With respect to one another, 
scattering is minimal and When the magnetiZations of the 
pinned and free layer are antiparallel, scattering is maxi 
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2 
miZed. Changes in scattering alter the resistance of the spin 
valve sensor in proportion to cos 6, Where 6 is the angle 
betWeen the magnetiZations of the pinned and free layers. In 
a read mode the resistance of the spin valve sensor changes 
proportionally to the magnitudes of the magnetic ?elds from 
the rotating disk. When a sense current is conducted through 
the spin valve sensor, resistance changes cause potential 
changes that are detected and processed as playback signals. 
The need for ever increased data density is pushing 

researches to develop data recording systems that can read 
and record ever smaller bit lengths in order to increase the 
density of data recorded on a magnetic medium. This has led 
a push to decrease the gap siZe of a read head such as a GMR 
head. HoWever, the amount by Which such gap lengths can be 
decreased using conventional GMR heads has limitations. 

In addition, a problem experienced by magnetoresistive 
sensors is that they suffer from spin torque noise. As those 
skilled in the art Will appreciate, spin torque noise occurs 
When electrons pass from one magnetic layer to another mag 
netic layer through a spacer. The polarization of the electrons 
and the magnetiZation of the free layer affect one another. The 
spin torque from polariZed electrons can destabiliZe the mag 
netiZation of the free layer, causing spin torque noise. This 
Will adversely affect the signal to noise ratio of a sensor, 
making the CPP GMR impractical. 

Therefore, there is a strong felt need for a magnetoresistive 
sensor design that can dramatically decrease bit length reso 
lution, and therefore increase data density. In addition, there 
is a need for a sensor that can signi?cantly reduced or elimi 
nate spin torque noise. 

SUMMARY OF THE INVENTION 

The present invention provides a differential magnetore 
sistive sensor that can read extremely small data bits, While 
minimiZing the effects of spin torque noise. The differential 
sensor includes ?rst and second magnetoresistive elements 
and an inner electrically conductive lead disposed therebe 
tWeen. First and second outer electrically conductive leads 
are also provided at the top and bottom of the differential 
sensor. Each sensor element has a free layer structure that 
includes ?rst and second magnetic layers that are antiparallel 
coupled across a non-magnetic spacer layer sandWiched ther 
ebetWeen. 
The lead arrangement advantageously alloWs sense current 

to How such that electrons travel from the inner lead, through 
each of the sensor elements to the outer leads. Furthermore, 
the sensor elements can be arranged so that the free layer 
structure of each sensor element is located adjacent to the 
inner lead. This alloWs the electrons to travel ?rst through the 
free layer structure and then through the pinned layer struc 
ture. It has been found that having the electrons ?oW through 
the free layer structure ?rst, and then through the pinned layer 
greatly reduces spin torque noise in most GMR structures. 
HoWever there could be situations Where having electrons 
?oW through the pinned layer ?rst and then the free layer 
structure Would provide better reduction of spin torque noise. 
A differential sensor structure according to the present inven 
tion accommodates this situation as Well by alloWing the 
sense current to How such that electrons can pass through the 
pinned layer of each sensor element before passing through 
the free layer structure. 
As mentioned above, each sensor element has a free layer 

structure that includes ?rst and second magnetic layers that 
are antiparallel coupled across a non-magnetic coupling 
layer. This free layer structure also greatly reduces spin 
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torque noise by cancelling out the spin torque effect of each of 
the magnetic layers of the free layer structure. 

These and other features and advantages of the invention 
Will be apparent upon reading of the folloWing detailed 
description of preferred embodiments taken in conjunction 
With the Figures in Which like reference numerals indicate 
like elements throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and advantages of 
this invention, as Well as the preferred mode of use, reference 
should be made to the folloWing detailed description read in 
conjunction With the accompanying draWings Which are not 
to scale. 

FIG. 1 is a schematic illustration of a disk drive system in 
Which the invention might be embodied; 

FIG. 2 is anABS vieW of a slider illustrating the location of 
a magnetic head thereon; 

FIG. 3 is an enlarged ABS vieW taken from circle 3 of FIG. 
2 rotated 90 degrees counterclockWise; and 

FIGS. 4-10 are vieWs of a shoWing a sensor in various 
intermediate stages of manufacture in order to illustrate a 
method of manufacturing a magnetoresistive sensor accord 
ing to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The folloWing description is of the best embodiments pres 
ently contemplated for carrying out this invention. This 
description is made for the purpose of illustrating the general 
principles of this invention and is not meant to limit the 
inventive concepts claimed herein. 

Referring noW to FIG. 1, there is shoWn a disk drive 100 
embodying this invention. As shoWn in FIG. 1, at least one 
rotatable magnetic disk 112 is supported on a spindle 114 and 
rotated by a disk drive motor 118. The magnetic recording on 
each disk is in the form of annular patterns of concentric data 
tracks (not shoWn) on the magnetic disk 112. 

At least one slider 113 is positioned near the magnetic disk 
112, each slider 113 supporting one or more magnetic head 
assemblies 121. As the magnetic disk rotates, slider 113 
moves radially in and out over the disk surface 122 so that the 
magnetic head assembly 121 may access different tracks of 
the magnetic disk Where desired data are Written. Each slider 
113 is attached to an actuator arm 119 by Way of a suspension 
115. The suspension 115 provides a slight spring force Which 
biases slider 113 against the disk surface 122. Each actuator 
arm 119 is attached to an actuator means 127. The actuator 
means 127 as shoWn in FIG. 1 may be a voice coil motor 
(VCM). The VCM comprises a coil movable Within a ?xed 
magnetic ?eld, the direction and speed of the coil movements 
being controlled by the motor current signals supplied by 
controller 129. 

During operation of the disk storage system, the rotation of 
the magnetic disk 112 generates an air bearing betWeen the 
slider 113 and the disk surface 122 Which exerts an upWard 
force or lift on the slider. The air bearing thus counter-bal 
ances the slight spring force of suspension 115 and supports 
slider 113 off and slightly above the disk surface by a small, 
substantially constant spacing during normal operation. 
The various components of the disk storage system are 

controlled in operation by control signals generated by con 
trol unit 129, such as access control signals and internal clock 
signals. Typically, the control unit 129 comprises logic con 
trol circuits, storage means and a microprocessor. The control 
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4 
unit 129 generates control signals to control various system 
operations such as drive motor control signals on line 123 and 
head position and seek control signals on line 128. The con 
trol signals on line 128 provide the desired current pro?les to 
optimally move and position slider 113 to the desired data 
track on disk 112. Write and read signals are communicated to 
and from Write and read heads 121 by Way of recording 
channel 125. 

With reference to FIG. 2, the orientation of the magnetic 
head 121 in a slider 113 can be seen in more detail. FIG. 2 is 
anABS vieW of the slider 113, and as can be seen the magnetic 
head including an inductive Write head and a read sensor, is 
located at a trailing edge of the slider. The above description 
of a typical magnetic disk storage system, and the accompa 
nying illustration of FIG. 1 are for representation purposes 
only. It should be apparent that disk storage systems may 
contain a large number of disks and actuators, and each actua 
tor may support a number of sliders. 

With reference noW to FIG. 3, a differential, current per 
pendicular to plane, giant magnetoresistive sensor structure 
300 according to an embodiment of the invention includes 
?rst and second sensor elements 302, 304, Which can be 
current perpendicular to plane giant magnetoresistive sensors 
(CPP GMR sensors). The differential sensor structure 300 is 
a three lead structure having ?rst and second outer leads 306, 
308 located at the top and bottom of the sensor structure 300, 
and an inner lead 310 located betWeen the ?rst and second 
sensor elements 302, 304. The outer leads 306, 308 can be 
connected With one another in a region outside of the sensor 
structure 300 shoWn in FIG. 3. The sensor 300 is connected 
With circuitry (not shoWn in FIG. 3) that alloWs a sense 
current 312 to flow in a desired direction through the inner 
lead 310, through each of the sensor elements 302, 304 and 
out through the outer leads 306, 308. Preferably, the current 
312 ?oWs so that electrons travel ?rst through the inner lead 
310, then out through the outer leads 306, 308 as indicated by 
arroWs 312. Alternatively, the sense current 312 could How in 
an opposite direction so that electrons ?oW from the outer 
leads 306, 308 to the inner lead 310 if that How of electrons 
has been found to better reduce spin torque noise for a par 
ticular sensor design. An insulation layer 317 can be provided 
beyond the back edge (stripe height) of the ?rst sensor ele 
ment 302, betWeen the leads 306, 310 to prevent shorting 
betWeen these leads. Similarly, a layer of insulation 319 can 
be provided beyond the back edge of the sensor element 304, 
betWeen the leads 310, 308 to prevent shorting betWeen the 
leads 310, 308. 

With reference still to FIG. 3, the second sensor element 
304 includes a magnetically pinned structure 314 and a mag 
netic free layer structure 316. Preferably, the free layer struc 
ture 316 is located toWard the center of the sensor structure 
300 (i.e. toWard the ?rst sensor element 302), Whereas the 
pinned layer structure is located aWay from the center of the 
sensor structure 300 and aWay from the ?rst sensor element 
302. A non-magnetic, spacer layer 315 such as Cu or Cu-Ox 
is sandWiched betWeen the free layer 3 1 6 and the pinned layer 
314. 
The pinned layer structure 3 14 preferably includes ?rst and 

second magnetic layers 318, 320, Which can be constructed of 
a material such as CoFe or some other magnetic material, and 
Which are antiparallel coupled across a non-magnetic cou 
pling layer such as Ru that is sandWiched betWeen the layers 
318, 320. One of the magnetic layers (e.g. layer 320) can be 
exchange coupled With a layer of antiferromagnetic material 
(AFM layer) 324 such as PtiMn or IriMn. 
With reference still to FIG. 3, the free layer structure 316 is 

anAP coupled or “synthetic” free layer structure that includes 
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?rst and second magnetic layers 326, 328 that are antiparallel 
coupled across a non-magnetic coupling layer 330, such as 
Ru, sandwiched betWeen the magnetic layers 326, 328. The 
magnetic layers 326, 328 can each be constructed of one or 
more layers of magnetic material such as Co, CoiFe, 
NiiFe etc. The coupling layer 330 preferably has a thickness 
of about 4 Angstroms, in order to provide effective antiparal 
lel magnetic coupling betWeen the magnetic layers 326, 328. 
One of the magnetic layers 328 has a magnetic thickness that 
is greater than the other magnetic layer 326. Magnetic thick 
ness is the magnetic moment of a material layer, multiplied by 
the thickness of the layer. Constructing the free layer structure 
316 such that one of the magnetic layers 328 has a larger 
magnetic thickness than the other magnetic layer 326, alloWs 
the free layer to respond to an external magnetic ?eld by0 
creating a net magnetic moment for the free layer structure 
316 as a Whole. 

With reference still to FIG. 3, the ?rst sensor element 302 
has a structure similar to that of the second sensor element 
304. The ?rst sensor element has a pinned layer structure 332, 
a free layer structure 334 and a non-magnetic spacer layer 
336. In FIG. 3 it can be seen that the pinned layer structure 
includes three magnetic layers 338, 340, 342, Whereas the 
pinned layer structure 314 of the second sensor element 304 
only included tWo magnetic layers 318, 320. The reason for 
including three magnetic layers 338, 340, 342 in the pinned 
layer 332 Will become apparent beloW. The magnetic layers 
338,340,342 can be constructed of, for example, CoiFe and 
are each separated from one another by non-magnetic anti 
parallel coupling layers 344, 346, Which can be constructed of 
a material such as Ru and can be about 4 Angstroms thick to 
promote strong antiparallel coupling betWeen the layers 338, 
340, 342. The outermost magnetic layer 338 of the pinned 
layer structure 332 is exchange coupled With a layer of anti 
ferromagnetic material (AFM layer) 354 such as PtMn or 
lrMn. 

The free layer structure 334 of the ?rst sensor element 302 
is an antiparallel coupled free layer structure that includes 
?rst and second magnetic layers 348, 350, Which are antipar 
allel coupled across an antiparallel coupling layer 352. The 
magnetic layers 348, 350 can include one or more layers of 
Co, CoiFe, NiiFe, etc. One of the magnetic layers 348 of 
the free layer structure 334 has a larger magnetic thickness 
than the other magnetic layer 350. As described above, this 
alloWs the free layer to respond to an external magnetic ?eld. 

The differential GMR sensor 300 detects a magnetic tran 
sition in a magnetic medium 352 by detecting a location 
Where ?rst and second magnetiZations 354, 566 are oriented 
in opposite directions to one another. Therefore, the sensor 
300 is constructed such that When the magnetic response of 
the free layers 334, 316 of the ?rst and second GMR elements 
302, 304 are in opposite directions, the signals from each of 
the sensors 302, 304 are additive. 

To this end, the magnetic layers 348, 350 and 326, 328 of 
each of the free layer structures 334, 316 have magnetiZations 
that are biased in directions parallel With the air bearing 
surface (ABS) and perpendicular to the plane of the page in 
FIG. 3. Although the magnetiZations 358, 360, 362, 364 are 
biased parallel With the ABS, they are free to move in 
response to an external magnetic ?eld such as the magnetic 
?elds 354, 356 from the magnetic medium 352. 

The magnetic layers 348, 350 are antiparallel coupled 
across the coupling layer 352 so that the magnetiZations 358, 
360 are in opposite directions (i.e. antiparallel With one 
another). Similarly, the magnetic layers 326, 328 are antipar 
allel coupling across the coupling layer 330 so that the mag 
netiZations 362, 364 are in opposite directions to one another 
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6 
(i.e. are antiparallel to one another). Furthermore, the mag 
netiZations 358, 360, 362, 364 are oriented such that the 
magnetiZations 358, 364 of the magnetic layers 348, 326 
closest to the spacer layers 336, 315 are in the same direction 
as one another. 

As mentioned above, the magnetic thickness of one of the 
magnetic layers of each of the free layer structures 334, 316 is 
larger than the other. For example, the magnetic thickness of 
layer 328 is larger than that of layer 326 and the magnetic 
thickness of layer 348 is larger than that of layer 350. This 
causes each of the free layers 334, 316 to have a net magnetic 
moment, alloWing the free layer structures 334, 316 to 
respond to a magnetic ?eld 354, 356 from a magnetic medium 
352. 

With reference still to FIG. 3, the sensor 300 is con?gured 
so that one of the pinned layers structures 316 has an even 
number of magnetic layers 326, 328 Whereas the other pinned 
layer structure 332 has an odd number of magnetic layers 338, 
340, 342. Preferably, the pinned layer 332 has three magnetic 
layers 338, 340, 342, Whereas the pinned layer structure 316 
has tWo magnetic layers 326, 328. The magnetic layers 338, 
340, 342 and 318, 320 are antiparallel coupled across the 
non-magnetic antiparallel coupling layers 344, 346, 322. This 
causes the pinned layer structure 332 to have antiparallel 
magnetiZations 366, 368, 370. Similarly, the pinned layer 316 
has antiparallel magnetiZations 372, 374. 

Within each pinned layer 332, 314 the magnetic layer 338, 
320 closest to the adjacent AFM layer 354, 324 is exchange 
coupled With the AFM layer 354, 324. This strongly pins the 
magnetiZation 366, 374 of that magnetic layer 338, 320. 
Setting of the pinned layer can be accomplished by heating 
the sensor 300 to a temperature near or above the blocking 
temperature of the AFM layer 354, 324 and then applying a 
magnetic ?eld to the sensor 300. While the magnetic ?eld is 
still applied, the sensor 300 is cooled beloW this blocking 
temperature, and the magnetiZations 338, 320 are set by 
exchange coupling With the AFM layer 354, 324. Antiparallel 
coupling With the other magnetic layers 340, 342 and 318 pins 
the magnetiZations of those layers. 

In order for the tWo GMR sensors elements 302, 340 to 
have additive GMR effects When sensing opposite magnetic 
?elds 354,556 the magnetiZations of pinned magnetic layers 
342, 318 (closest to the spacer layer 336, 315 must be in 
opposite directions. By constructing one pinned layer struc 
ture 316 With tWo magnetic layers 320, 318, and the other 
pinned layer structure 322 With three magnetic layers 338, 
340, 342, the pinned magnetic layers 342, 318 can have 
magnetiZations 370, 372 that are oriented opposite to one 
another, While also alloWing the pinned layer structures 332, 
314 to be annealed in the same annealing step. In addition, 
this alloWs the AFM layers 354, 324 to be constructed of the 
same material, such as PtiMn or lriMn. 
The present invention provides a differential GMR sensor 

300 that minimiZes the effects of spin torque noise. As dis 
cussed above, spin torque noise degrades the signal from a 
sensor to such a point that it can render the reading of very 
small signals impossible. The present invention prevents spin 
torque noise by the use of several mechanisms that Work 
together synergistically. For example, the direction of current 
?oW through a spin valve (Whether the current travels through 
the free layer ?rst and then the pinned layer or vise versa) 
greatly affects the production of spin torque noise. With ref 
erence to FIG. 3, in a possible embodiment of the invention it 
has been found that spin torque noise can be reduced if the 
sense current ?oWs ?rst through the free layer structures 334, 
316 before ?oWing through the pinned layer structures 332, 
314 of each sensor element 302, 304. The three lead structure 
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of the sensor 300 described With reference to FIG. 3 advan 
tageously allows the sense current 312 to travel in such a 
manner that electrons travel ?rst through the free layer struc 
ture 334, 316 of each sensor element 302, 304, and then 
through the pinned layer structure 332, 314 of each sensor 
element. Having the electrons travel ?rst through the free 
layer structures 316, 334 and then through the pinned layer 
structures 314, 332 prevents the spin of the electrons from 
being affected by traveling through the magnetized pinned 
layers 314, 332 prior to traveling through the free layers 316, 
334. This arrangement, therefore, greatly reduces the spin 
torque noise experienced by the sensor 300. 

Another mechanism that reduces the spin torque noise of 
the sensor 300, is the use of the anitparallel coupled (AP 
coupled) free layers 334, 316. By providing each free layer 
structure 334, 316 With an anitparallel coupled structure such 
as that shoWn, the spin torque effect on the electrons is essen 
tially, nearly cancelled out as the electrons pass through the 
oppositely magnetiZed layers 348, 350 and 328, 326 of the 
free layer structures 334, 316. 

With reference noW to FIGS. 4-10, a method is described 
for constructing a magnetoresistive sensor according to an 
embodiment of the invention. With particular reference to 
FIG. 4, an electrically conductive lead layer 306 is formed, 
and a plurality of sensor layers is deposited full ?lm to form 
a ?rst sensor stack 302. The sensor stack 302 can include 
layers discussed With reference to FIG. 3 that make up the ?rst 
sensor element 302. A mask structure 402 is then formed over 
the ?rst sensor stack 302. 

Then, With reference to FIG. 5, a material removal process 
such as ion milling is performed to remove portions of the 
sensor stack 302 that are not protected by the mask structure 
402. This material removal process de?nes the back edge or 
stripe height 502 of the ?rst sensor element 302. Then, an 
electrically insulating material 602 such as alumina is depos 
ited. The mask 402 can then be lifted off. The mask structure 
can be a bi-layer mask structure such as that shoWn in order to 
facilitate lift off of the mask after the insulation layer 317 has 
been deposited. 

With reference to FIG. 7, another layer of electrically con 
ductive lead material 310 can be deposited folloWed by a 
second sensor stack 304. The second sensor stack 304 can 
include layers that make up the second sensor element 304 
described With reference to FIG. 3. A second mask structure 
702 can then be formed over the second sensor stack 304. 

Then, With reference to FIG. 8 another material removal 
process can be performed to de?ne a back edge or stripe 
height 802 of the second sensor stack 304. An electrically 
insulating material 319 such as alumina can then be depos 
ited. The mask 702 can then be lifted off, resulting in a 
structure such as that shoWn in FIG. 9. 

FIG. 10 is a sectional vieW taken from a direction indicated 
by arroWs 10-10 of FIG. 9. With reference then to FIG. 10, a 
third mask structure 1002 is formed and con?gured to de?ne 
a sensor Width. Another material removal process such as ion 
milling can then be performed to remove material not pro 
tected by the mask 1002 in order to de?ne the Width of the 
sensor. 

While various embodiments have been described above, it 
should be understood that they have been presented by Way of 
example only and not limitation. Other embodiments falling 
Within the scope of the invention may also become apparent to 
those skilled in the art. Thus, the breadth and scope of the 
invention should not be limited by any of the above-described 
exemplary embodiments, but should be de?ned only in accor 
dance With the folloWing claims and their equivalents. 
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8 
What is claimed is: 
1. A differential, giant magnetoresistive sensor, compris 

ing: 
a ?rst magnetoresistive sensor element; 
a second magnetoresistive sensor element; 
an inner electrically conductive lead sandWiched betWeen 

the ?rst and second magnetoresistive sensor elements; 
a ?rst outer electrically conductive lead, electrically con 

nected With the ?rst magnetoresistive sensor element at 
a location distal from the second magnetoresistive sen 
sor element; 

a second outer electrically conductive lead, electrically 
connected With the second magnetoresistive sensor ele 
ment at a location distal from the ?rst magnetoresistive 
sensor element; 

each of the ?rst and second magnetoresistive sensor ele 
ments further comprising: 

a magnetic free layer structure that includes ?rst and sec 
ond magnetic layers that are antiparallel coupled across 
a non-magnetic, antiparallel coupling layer that is sand 
Wiched betWeen the ?rst and second magnetic layers. 

2. A differential sensor as in claim 1 Wherein the magnetic 
free layer structure of each of the ?rst and second magnetore 
sistive sensor elements is located adjacent to the inner, elec 
trically conductive lead. 

3. A differential sensor as in claim 1 Wherein each of the 
free layer structures is located adjacent to the inner, electri 
cally conductive lead and Wherein each free layer structure 
has a magnetic layer closest to the inner lead has magnetic 
thickness that is less than a magnetic thickness of a magnetic 
layer further from the inner electrically conductive lead. 

4. A differential sensor as in claim 1 Wherein the inner 
electrically conductive lead and the ?rst and second outer 
electrically conductive leads are connected With circuitry that 
causes electrons to How from the inner electrically conductive 
lead, through the ?rst and second magnetoresistive sensor 
elements to the outer electrically conductive leads. 

5. A magnetoresistive sensor as in claim 1 Wherein the ?rst 
and second electrically conductive outer leads are electrically 
connected With one another in a region removed from the 
differential sensor. 

6. A magnetoresistive sensor as in claim 1 Wherein the free 
layer structure of each of the sensor elements has a ?rst 
magnetic layer located adjacent to the inner lead, and Wherein 
the magnetiZations of the ?rst magnetic layers are biased in 
the same direction. 

7. A differential giant magnetoresistive sensor, compris 
ing: 

a ?rst magnetoresistive element, comprising: 
a ?rst free layer structure including ?rst and second 

magnetic layers antiparallel coupled across a ?rst 
non-magnetic coupling layer sandWiched therebe 
tWeen; 

a ?rst pinned layer structure including third, fourth and 
?fth magnetic layers, antiparallel coupled With one 
another by second and third non-magnetic coupling 
layers sandWiched therebetWeen; and 

a ?rst non-magnetic spacer layer sandWiched betWeen 
the ?rst free layer structure and the ?rst pinned layer 
structure; 

a second magnetoresistive element, comprising: 
a second free layer structure including sixth and seventh 

magnetic layers and a fourth non-magnetic coupling 
layer sandWiched therebetWeen; 

a second pinned layer structure including eighth and 
ninth magnetic layers and a ?fth non-magnetic cou 
pling layer sandWiched therebetWeen; and 
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a second non-magnetic spacer layer sandwiched 
between the second free layer structure and the sec 
ond pinned layer structure; 

an inner electrically conductive lead sandWiched betWeen 
?rst and second magnetoresistive elements; 

a ?rst outer lead, electrically connected With the ?rst mag 
netoresistive element such that the ?rst magnetoresistive 
element is sandWiched betWeen the inner electrically 
conductive lead and the ?rst outer electrically conduc 
tive lead; and 

a second outer lead, electrically connected With the second 
magnetoresistive element such that the second magne 
toresistive element is sandWiched betWeen the inner 
electrically conductive lead and the second outer elec 
trically conductive lead. 

8. A differential sensor as in claim 7, Wherein: 
the 5th magnetic layer is located adjacent to the ?rst non 

magnetic spacer layer and has a magnetization that is 
pinned in a ?rst direction perpendicular to an air bearing 
surface; and 

the 8th magnetic layer is located adjacent to the second 
non-magnetic spacer layer and has a magnetiZation that 
is pinned in a second direction that is opposite to the ?rst 
direction. 

9. A differential sensor as in claim 7 Wherein the ?rst and 
second free layers are located adjacent to the inner lead. 

10. A differential sensor as in claim 7, Wherein: 
the 5th magnetic layer is located adjacent to the ?rst non 

magnetic spacer layer and has a magnetiZation that is 
pinned in a ?rst direction perpendicular to an air bearing 
surface; 

the 8th magnetic layer is located adjacent to the second 
non-magnetic spacer layer and has a magnetiZation that 
is pinned in a second direction that is opposite to the ?rst 
direction; 

the ?rst magnetic layer magnetic layer is located adjacent 
to the ?rst non-magnetic spacer layer and has a magne 
tiZation that is biased in a third direction that is parallel 
to the air bearing surface; and 

the 7th magnetic layer is located adjacent to the second 
non-magnetic spacer layer and has a magnetiZation that 
is biased in the third direction. 

11. A magnetoresistive sensor as in claim 7 Wherein the 
inner electrically conductive lead and the ?rst and second 
outer leads are connected With circuitry that supplies a sense 
current such that electrons travel from the inner lead through 
the ?rst and second magnetoresistive sensor elements to the 
?rst and second outer electrically conductive leads. 

12.A differential sensor as in claim 11 Wherein the ?rst and 
second outer electrically conductive leads are connected With 
one another in a region removed from the differential sensor. 

13. A differential sensor as in claim 7 further comprising a 
?rst layer of antiferromagnetic material exchange coupled 
With a magnetic layer of the ?rst pinned layer structure and a 
second layer of antiferromagnetic material exchange coupled 
With a magnetic layer of the second pinned layer structure. 

14.A differential sensor as in claim 13 Wherein the ?rst and 
second layers of antiferromagnetic material comprises the 
same material. 

15. A differential sensor as in claim 7 further comprising a 
?rst layer of antiferromagnetic material exchange coupled 
With the third magnetic layer and a second layer of antiferro 
magnetic material that is exchange coupled With the 9th mag 
netic layer. 

16. A differential sensor as in claim 7 further comprising: 
a ?rst layer of antiferromagnetic material exchange 

coupled With the third magnetic layer to pin a magneti 
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Zation of the third magnetic layer in a ?rst direction that 
is perpendicular With an air bearing surface; 

a second layer of antiferromagnetic material exchange 
coupled With the ninth magnetic layer to pin a magneti 
Zation of the ninth magnetic layer in the ?rst direction 

and Wherein: 
the fourth magnetic layer is antiparallel coupled With the 

third magnetic layer to have a magnetiZation that is 
pinned in a second direction that is perpendicular to the 
?rst direction; 

the ?fth magnetic layer is antiparallel coupled With the 4th 
magnetic layer to have a magnetization that is pinned in 
the ?rst direction; and 

the eighth magnetic layer is antiparallel coupled With the 
ninth magnetic layer to have a magnetiZation that is 
pinned in the second direction. 

17. A differential sensor as in claim 16 Wherein the ?fth 
magnetic layer is located adjacent to the ?rst non-magnetic 
spacer layer and the eighth magnetic layer is located adjacent 
to the second non-magnetic spacer layer. 

18. A differential sensor as in claim 16 Wherein: 

the Wherein the ?rst magnetic layer is located adjacent to 
the ?rst non-magnetic spacer layer and has a magneti 
Zation that is biased in a third direction that is parallel 
With the air bearing surface; and 

the seventh magnetic layer is located adjacent to the second 
non-magnetic spacer layer and has a magnetiZation that 
is biased in the third direction. 

19. A magnetic data recording system: 
a housing; 
a magnetic medium movably mounted Within the housing; 
an actuator; 

a slider connected With the actuator for movement adjacent 
to a surface of the magnetic medium; and 

a differential, giant magnetoresisive sensor connected With 
the slider, the differential, giant magnetoresistive sensor 
further comprising: 
a ?rst magnetoresistive sensor element; 

a second magnetoresistive sensor element; 
an inner electrically conductive lead sandWiched 

betWeen the ?rst and second magnetoresistive ele 
ments; 

a ?rst outer electrically conductive lead, electrically 
connected With the ?rst magnetoresistive sensor ele 
ment at a location distal from the second magnetore 
sistive sensor element; 

a second outer electrically conductive lead, electrically 
connected With the second magnetoresistive sensor 
element at a location distal from the ?rst magnetore 
sistive sensor element; 

each of the ?rst and second magnetoresistive sensor 
elements further comprising: 

a magnetic free layer structure that includes ?rst and 
second magnetic layers that are antiparallel coupled 
across a non-magnetic, antiparallel coupling layer 
that is sandWiched betWeen the ?rst and second mag 
netic layers. 

20. A magnetic data recording system: 
a housing; 
a magnetic medium movably mounted Within the housing; 
an actuator; 

a slider connected With the actuator for movement adjacent 
to a surface of the magnetic medium; and 
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a differential giant magnetoresistive sensor connected With 
the slider, the differential giant magnetoresistive sensor 
further comprising: 
a ?rst magnetoresistive element, comprising: 

a ?rst free layer structure including ?rst and second 
magnetic layers antiparallel coupled across a ?rst 
non-magnetic coupling layer sandWiched therebe 
tWeen; 

a ?rst pinned layer structure including third, fourth 
and ?fth magnetic layers, antiparallel coupled With 
one another by second and third non-magnetic cou 
pling layers sandWiched therebetWeen; and 

a ?rst non-magnetic spacer layer sandWiched betWeen 
the ?rst free layer structure and the ?rst pinned 
layer structure; 

a second magnetoresistive element, comprising: 
a second free layer structure including sixth and sev 

enth magnetic layers and a fourth non-magnetic 
coupling layer sandWiched therebetWeen; 

12 
a second pinned layer structure including eighth and 

ninth magnetic layers and a ?fth non-magnetic cou 
pling layer sandWiched therebetWeen; and 

a second non-magnetic spacer layer sandWiched 
betWeen the second free layer structure and the 
second pinned layer structure; 

an inner electrically conductive lead sandWiched 
betWeen ?rst and second magnetoresistive elements; 

a ?rst outer lead, electrically connected With the ?rst 
magnetoresistive element such that the ?rst magne 
toresistive element is sandWiched betWeen the inner 
electrically conductive lead and the ?rst outer electri 
cally conductive lead; and 

a second outer lead, electrically connected With the sec 
ond magnetoresistive element such that the second 
magnetoresistive element is sandWiched betWeen the 
inner electrically conductive lead and the second 
outer electrically conductive lead. 

* * * * * 


